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Clinical	 studies	 have	 attempted	 to	 investigate	 if	 a	 specific	 dietary	 acid	 has	 a	stronger	 relationship	with	 erosive	 tooth	wear.	 A	 trans-European	 study	 on	 3,187	adults	 observed	 a	 highly	 significant	 (p<0.0001)	 relationship	 between	 frequent	fresh	 fruit	 intake	 and	 presence	 of	 tooth	 wear	 (Bartlett	 et	 al.	 2013).	 A	 study	investigating	 1,456	 subjects	 in	 Norway	 reported	 an	 increased	 odds	 ratio	 for	drinking	sugary	soft	drinks	(OR=1.9)	over	fruit	juices	(OR=1.6)	(Mulic	et	al.	2012).	
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Correr	et	al.	 2009	observed	an	odds	 ratio	of	1.12	 for	artificial	 juice	 consumption	compared	 to	 2.09	 for	 soft	 drink	 consumption	 in	 a	 cross-sectional	 study	 on	 389	children	(Correr	et	al.	2009).	 	Another	UK	study	on	2,385	children	observed	that	consumption	 of	 pickles	 had	 the	 strongest	 association	with	 increased	 tooth	wear	(Milosevic	et	al.	2004).		
These	 clinical	 trials	 are	 highly	 dependent	 on	 the	 diet	 of	 the	 population	 being	studied	 and	 the	 questions	 asked	 by	 the	 examiner.	 Studies	 have	 suggested	 that	 a	preference	 for	acidic	 foods	alone	 is	related	 to	erosive	 tooth	wear	(O’Sullivan	and	Curzon	 2000;	Dugmore	 and	Rock	 2004a).	While	 the	 erosive	 potential	 of	 specific	dietary	acids	is	important,	acids	are	regularly	consumed	by	the	population	without	resulting	in	pathological	wear.	Other	factors	may	play	a	more	important	role	in	the	progression	of	erosive	tooth	wear.	
1.1.1.1.2 Frequency	of	dietary	acid	intake	There	is	evidence,	from	laboratory	and	epidemiology	studies,	to	suggest	that	frequency	of	dietary	acid	consumption	may	be	the	most	important	risk	factor	in	the	development	of	dietary	erosive	tooth	wear.	Laboratory	studies	have	shown	that	increased	frequency	of	erosive	cycles	result	in	greater	bulk	tissue	loss	(Mistry	
et	al.	2015).	Several	epidemiological	studies	have	observed	increasing	odds	ratios	with	increasing	frequency	of	dietary	acid	intake	(Bardsley	et	al.	2004;	Dugmore	and	Rock	2004a;	Milosevic	et	al.	2004;	El	Aidi	et	al.	2011;	Mulic	et	al.	2012;	Lussi	and	Hellwig	2014).		
One	case-control	study	(n=200	adults)	reported	participants	were	19	times	more	likely	 to	have	erosive	wear	 if	 citrus	 fruits	were	consumed	more	 than	 twice	daily	and	14.2	if	soft	drinks	were	consumed	twice	daily	(Järvinen	et	al.	1991).	However,	
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 THE	CHEMISTRY	OF	DENTAL	EROSION	Enamel	is	a	highly	mineralised	crystalline	structure	of	hydroxyapatite	(Ca10	(PO4)6	(OH)2)	and	several	impurities	such	as	sodium,	magnesium,	and	fluoride	which	vary	between	individuals	(Lussi	et	al.	2011).	Hydroxyapatite	(HA)	is	insoluble	in	water	but	is	susceptible	to	dissolution	in	acidic	conditions.	The	critical	pH	of	HA	is	the	pH	at	which	the	surrounding	solution	is	 just	saturated	with	minerals	with	respect	to	HA	and	depends	on	calcium,	phosphate	and	other	active	ion	concentrations	in	the	solution	(Shellis	et	al.	2014).	When	the	pH	of	a	solution	drops	below	this	 level	of	saturation,	 HA	 will	 dissolve	 until	 the	 solution	 reaches	 saturation	 again.	 Once	 a	critical	pH	has	been	reached	 initial	dissolution	occurs	as	shown	Figure	2	(Dawes	
2003).	






1.2.2.1 Preventing	demineralisation	The	presence	of	saliva	initially	acts	on	a	macro	scale	within	the	oral	environment,	limiting	 the	severity	of	 the	acid	challenge.	Presence	of	saliva	dilutes	 the	acid	and	gradually	eliminates	the	acid	from	the	oral	cavity	through	swallowing	(Buzalaf	et	
al.	 2012).	 Intraoral	 acid	 clearance	 rates	 in	 those	with	normal	 salivary	 flow	 rates	have	been	observed	to	range	from	2-13	minutes	(Millward	et	al.	1997;	Bartlett	et	













1.2.3.1 Fluoride	therapy	There	is	a	strong	evidence	base	for	using	fluoride	to	prevent	demineralisation	and	encourage	remineralisation	in	the	dental	caries	process.	However	the	relationship	between	 fluoride	 and	 the	 erosive	 process	 has	 yet	 to	 be	 fully	 clarified.	 Although	both	 processes	 involve	 dental	 mineral	 loss,	 with	 interchanging	 degrees	 of	demineralisation	and	remineralisation,	the	caries	lesion	is	different	to	the	erosive	lesion.	Caries	most	commonly	occurs	 in	areas	of	plaque	stagnation,	presenting	 in	the	sheltered	areas	of	fissures,	interproximally	and	at	gingival	margins.	Formation	of	fluoride	reservoirs	surrounding	an	affected	area	is	possible	and	oral	hygiene	is	commonly	poor.	 In	contrast,	erosive	 lesions	are	 found	on	exposed	surfaces,	most	commonly	affecting	 the	smooth	surfaces	of	upper	anterior	 teeth	and	the	occlusal	surfaces	 of	 first	 molars	 (Jaeggi	 and	 Lussi	 2014).	 Erosive	 lesions	 can	 be	 diffuse,	widespread	lesions	affecting	all	teeth	in	the	dentition	to	a	greater	or	lesser	degree.	Poor	 oral	 hygiene	 is	 not	 necessarily	 implicated;	 dental	 erosion	 and	 good	 oral	hygiene	performed	after	an	erosive	challenge	may	be	related	 to	 increased	dental	tissue	loss	(Lussi	and	Carvalho	2014).	There	are	limited	evidence	based	guidelines	when	targeting	erosive	wear	surrounding	oral	hygiene	procedures	and	there	is	no	consensus	on	evidence	based	guidelines	for	fluoride	therapy.	
1.2.3.1.1 Mechanisms	of	action	of	fluoride		Despite	this,	there	is	evidence	that	fluoride	has	a	preventive	role	in	erosive	tooth	wear	 (White	et	al.	 2012).	 The	potential	mechanisms	of	 action	of	 fluoride	 against	erosive	 wear	 are	 threefold.	 Incorporation	 of	 fluorides	 into	 the	 crystal	 lattice	 of	enamel	hydroxyapatite	has	been	shown	to	reduce	susceptibility	 to	 future	erosive	challenges	(Schlueter,	Klimek,	et	al.	2009a;	Lussi	and	Carvalho	2015).	Secondly,	the	formation	of	calcium	fluoride	deposits	on	the	surface	providing	sacrificial	intraoral	
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There	are	those	who	believe	that	fluoride	does	not	have	a	protective	role	in	erosive	tooth	wear	(ten	Cate	et	al.	1998;	Larsen	and	Richards	2002).	A	study	by	Larsen	and	Richards	 with	 the	 title	 “Fluoride	 is	 unable	 to	 reduce	 dental	 erosion	 from	 soft	drinks”	 is	 frequently	 cited	 to	 augment	 the	 claim	 that	 fluoride	 cannot	 play	 a	protective	role	 in	erosive	tooth	wear	(Larsen	and	Richards	2001).	For	this	study,	
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calcium	 fluoride	 salts	 were	 dissolved	 in	 erosive	 beverages	 and	 then	 two	 whole	teeth	were	agitated	in	the	acidic	solution	for	48	hours.	Microradiography	was	then	used	to	compare	the	erosive	lesion	depth	against	control	beverages	(n=2)	without	the	calcium	fluoride	precipitates.	It	is	unsurprising,	given	the	low	sample	size	and	non-clinically	relevant	study	design	that	no	protective	effect	was	observed.		
There	is	evidence	that	the	benefits	of	fluoride	may	be	dose	responsive	(White	et	al.	2012).	 Additional	 use	 of	 fluoride	 mouthrinses	 in	 conjunction	 with	 the	 use	 of	fluoride	 toothpastes	 has	 been	 reported	 to	 increase	both	 fluoride	 availability	 and	the	 level	 of	 fluoroapatite	 formation	 (Van	 Strijp	 et	al.	 1999).	 Increased	 levels	 of	protection	have	also	been	observed	with	increasing	fluoride	applications	(Austin	et	
al.	2010;	Maggio	et	al.	2010).	High	fluoride	concentrations	have	also	been	observed	to	 reduce	 erosive	 wear.	 Pre-application	 of	 stannous	 and	 sodium	 solutions	 at	9,500ppm	fluoride	were	unable	to	offer	protection	after	9	cycles	of	severe	erosive	challenges	 (2	min	0.01M	HCL,	 pH	2.2)	whereas	 a	 protective	 effect	was	 observed	with	 a	 sodium	 fluoride	 varnish	 at	 42,500ppm	 fluoride	 (Austin	 et	 al.	 2011).	However,	 this	 may	 also	 be	 due	 to	 the	 tribology	 at	 the	 dental	 surface	 and	 the	increased	 adherence	 of	 the	 varnish	 to	 the	 surface.	 A	 study	 investigating	 equal	concentrations	of	titanium	fluoride	varnish	or	solution	prior	to	an	erosive	cycling	model,	 observed	 significantly	 decreased	wear	with	 the	 varnish	 compared	 to	 the	solution	(Magalhães	et	al.	2008).		
Acidified	 fluoride	 has	 also	 been	 observed	 to	 result	 in	 decreased	wear	 (Wiegand,	Magalhães,	 et	 al.	 2009).	 The	 low	 pH	 of	 the	 medium	 encourages	 low	 levels	 of	demineralisation	 of	 surface	 hydroxyapatite	 which	 facilitates	 the	 formation	 of	fluoroapatite	on	the	surface	(Attin	et	al.	1999;	Larsen	and	Richards	2001).		
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Few	 epidemiological	 studies	 have	 investigated	 the	 role	 of	 fluoride	 in	 the	prevention	 of	 erosive	 wear.	 A	 large	 study	 on	 2,456	 Irish	 adults	 observed	 no	significant	 relationship	 between	 exposure	 to	 water	 fluoridation	 and	 tooth	 wear	(Burke	et	al.	 2010).	This	 contrasted	with	an	epidemiological	 study	carried	out	 in	the	UK	on	2,351	14	year	olds	where	exposure	to	water	fluoridation	was	associated	with	 less	 exposed	 dentine	 on	 buccal	 and	 palatal	 surfaces	 of	 assessed	 teeth.	 No	differences	 were	 observed	 for	 the	 occlusal/incisal	 surfaces.	 The	 same	 study	observed	a	protective	effect	when	teeth	were	brushed	with	a	 fluoride	 toothpaste	twice	daily	(Bardsley	et	al.	2004).	
There	is	difficulty	in	isolating	the	protective	mechanism	of	action	of	fluorides	as	erosion	experiments	often	involve	cycling	of	the	fluoride	and	erosion.	The	presence	of	calcium	fluoride	(CaF2)	and	sacrificial	intraoral	fluoride	ions,	remineralisation	of	the	eroded	structure,	or	fluoroapatite	formation	inhibiting	demineralisation,	all	may	occur	in	the	cycling	process.	Reviews	suggest	that	all	three	mechanisms	can	be	effective	in	mild	erosive	challenges,	particularly	when	paired	with	metal	cations	(Huysmans	et	al.	2014).	However	this	role	may	be	limited	under	severe	or	repeated	erosive	challenges	(Austin	et	al.	2010;	Austin	et	
al.	2014;	Ganss	et	al.	2015).	The	clinical	relevance	of	the	degree	to	which	remineralisation	can	occur	is	also	under	debate	(Lussi	et	al.	2014).	
1.2.3.1.2 Different	types	of	fluoride	There	 is	substantial	 laboratory	evidence	that	metal	cations,	particularly	stannous	fluoride	 and	 titanium	 tetrafluoride,	 can	 play	 a	 role	 in	 protection	 against	 erosive	wear	 (Wiegand,	Bichsel,	et	al.	2009;	Stenhagen	et	al.	2013).	Recent	 literature	has	focused	on	the	stannous	ion	(Huysmans	et	al.	2014).	In	contrast	to	the	monovalent	sodium	cation	which	is	incapable	of	forming	complex	deposits,	pre-treatment	with	
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stannous	 fluoride	 (Schlueter,	 Klimek,	 et	 al.	 2009b)	 and	 titanium	 tetrafluoride	(Magalhães	et	al.	2008)	can	form	layers	of	metal	deposits	on	the	surface	of	enamel	in	 the	 laboratory.	 This	 may	 act	 as	 a	 physical	 barrier	 inhibiting	 acid	 contact	(Schlueter,	Klimek,	et	al.	2009b).		
The	 increased	 focus	 on	 stannous	 fluoride	 in	 erosive	 wear	 research	 is	predominantly	due	to	two	factors.	Stannous	fluoride	formulations	require	a	native	acidic	 pH	 as	 neutral	 solutions	 are	 not	 stable	 (Faller	 et	al.	 2014).	 Similar	 to	 the	mechanism	 of	 action	 of	 acidified	 gels,	 this	 releases	 ions	 from	 the	 dental	 surface	allowing	penetration	of	the	fluoride	ion	and	formation	of	fluoroapatite	(Schlueter,	Klimek,	et	al.	2009b).	 	The	stannous	ion	also	has	the	same	valency	of	the	calcium	ion	 and	 has	 been	 observed	 to	 directly	 remineralise	 hydroxyapatite	 structure	(Schlueter,	 Hardt,	 et	 al.	 2009;	 Ganss,	 Hardt,	 et	 al.	 2010).	 One	 in	 vitro	 study	observed	 complete	 inhibition	 of	 enamel	 erosion	 when	 stannous	 fluoride	 was	applied	immediately	after	a	citric	acid	challenge	(Ganss	et	al.	2008).	
Amine	fluoride	has	also	been	frequently	investigated.	Some	studies	have	found	it	to	be	 more	 protective	 than	 sodium	 fluoride	 (Wiegand,	 Bichsel,	 et	 al.	 2009)	 with	others	observing	it	to	have	similar	protective	effects	(Ganss	et	al.	2008;	Faller	et	al.	2014).		The	calcium	ion	has	also	been	investigated	in	an	attempt	to	reduce	erosive	tooth	 wear.	 A	 recent	 study	 observed	 that	 although	 remineralisation	 of	 enamel	occurred	 more	 rapidly	 with	 a	 sodium	 fluoride	 dentifrice,	 enamel	 remineralised	with	 calcium	 was	 less	 susceptible	 to	 further	 demineralisation	 (Pignatelli	 et	 al.	2016).	 Other	 authors	 have	 reported	 that	 calcium	 products	 also	 showed	remineralising	 potential	 (Ranjitkar	 et	 al.	 2009;	 Carvalho	 et	 al.	 2013)	 with	 an	enhanced	effect	when	combined	with	fluoride	(Srinivasan	et	al.	2010).	In	contrast,	
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some	 authors	 failed	 to	 observe	 protective	 benefits	 with	 the	 calcium	 ion	 over	 a	negative	control	(Wegehaupt	and	Attin	2010;	Wiegand	and	Attin	2014).		











Figure	3:	Profilometric	data	from	experiments	performed	by	Attin	et	al.	2000	and	Attin	et	al.	2001	Remineralisation	Period	 Profilometric	loss	in	vitro	(Attin	et	al.	2000)	 Profilometric	loss	in	situ	(Attin	et	al.	2001)		0	min	 5.16±1.26	µm	 6.78	±	2.71	µm	10	min	 2.47±0.68	µm	 5.47	±	3.39	µm	60	min	 1.72±0.75	µm	 4.78	±	2.57	µm	No	abrasion	 0.81±0.23	µm	 0.66	±	1.11	µm	
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The	authors	suggested	 that	clinical	erosive	wear	could	be	 limited	by	observing	a	waiting	period	after	an	erosive	challenge.	However,	recent	studies	have	observed	no	 statistical	 reduction	 in	 erosive/abrasive	 wear	 after	 2	 hours	 in	 situ	 (Ganss,		Schlueter,	et	al.	2007)	and	4	hours	in	situ	(Lussi	et	al.	2014).	These	authors	advised	reconsideration	of	guidelines	to	wait	for	one	hour	after	brushing.		
Two	studies	to	the	author’s	knowledge	have	compared	brushing	before	an	erosive	challenge	 to	 brushing	 after	 an	 erosive	 challenge	 in	 situ.	 Wiegand	 et	 al.	 2008	prepared	 both	 enamel	 and	 dentine	 specimens	 which	 were	 then	 either	 brushed,	exposed	to	saliva	for	5	minutes	and	then	eroded	or,	for	the	second	group,	eroded,	exposed	to	saliva	for	5	minutes	and	brushed.	Brushing	before	the	erosive	challenge	resulted	 in	 less	 tooth	 wear	 (Wiegand	 et	 al.	 2008).	 Unfortunately	 flaws	 in	 the	experiment	design	render	it	difficult	to	gauge	whether	the	protective	effect	was	a	result	 of	 the	 acquired	 pellicle,	which	was	 only	 present	 in	 the	 first	 group,	 or	 the	timing	 of	 brushing.	 There	 was	 also	 no	 fluoride	 application	 in	 the	 experimental	design.	Ganss	et	al	2007	observed	no	statistical	difference	 in	wear,	when	enamel	specimens	were	brushed	before	or	 immediately	after	an	erosive	challenge	 in	 the	presence	of	a	salivary	pellicle.	Again,	there	was	no	fluoride	application	in	this	part	of	the	in	situ	study	design	(Ganss	et	al.	2007).	
1.2.3.2.2 Timing	of	toothbrushing	and	fluoride	therapy	This	 relationship	 is	 complicated	 further	 when	 the	 protective	 role	 of	 fluoride	 is	taken	 into	 consideration.	 One	 must	 consider	 whether	 the	 benefits	 of	 fluoride	application	when	brushing	outweigh	the	risks	of	abrasive	wear.	One	cross-over	in	situ	 study	 lasting	 5	 days,	 observed	 that	 brushing	 with	 a	 stannous	 fluoride	
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toothpaste	 immediately	 after	 an	 erosive	 challenge	was	 not	 statistically	 different	from	erosion	only	with	no	abrasion	(Ganss,	Schlueter,	et	al.	2007).	Another	study	investigating	 application	 of	 toothpaste	 slurries	 before	 an	 erosive	 challenge	compared	 to	 application	 of	 the	 slurries	 after	 observed	 that	 application	 of	toothpastes	before	the	erosive	challenge	resulted	in	 less	surface	hardness	change	with	 no	 differences	 between	 the	 different	 tooth	 paste	 formulations	 (Lussi	 et	al.	2008).	However	there	was	no	abrasive	element	to	this	study	design.	
An	 unusual	 in	 situ	 study	 design	 asked	 participants	 to	 brush	 their	 teeth	 prior	 to	inserting	 eroded	 specimens	 to	 assess	 the	 remineralisation	 potential	 of	 intraoral	fluoride	reservoirs	from	brushing	(Magalhães	et	al.).	No	statistical	differences	were	noted	in	those	who	had	brushed	their	teeth	prior	to	specimen	insertion	compared	to	those	that	had	not.	
Again,	 there	 is	 a	paucity	of	 epidemiological	 studies	 investigating	 the	 relationship	between	 timing	of	 toothbrushing	 in	 relation	 to	mealtimes	and	erosive	wear.	One	large	 multi-centre	 epidemiological	 study	 on	 3,187	 participants	 observed	 no	relationship	between	erosive	wear	and	brushing	teeth	immediately	after	breakfast.	In	 contrast,	 an	 increased	 relationship	with	 tooth	wear	was	observed	when	 tooth	brushing	was	 delayed	 by	 up	 to	 44	minutes	 (OR	 up	 to	 1.41	 [95%	 CI	 1.07-1.86])	(Bartlett	et	al.	2013).	Based	upon	these	findings,	the	authors	advised	that	dentists	should	not	advise	patents	to	delay	brushing	after	breakfast.		
Multiple	 studies	 have	 investigated	 the	 relationship	 between	 frequency	 of	 tooth	brushing	and	erosive	wear.	Although	 there	have	been	studies	 that	have	reported	increased	erosive	wear	with	increased	frequency	of	brushing	(Lussi	and	Schaffner	2000;	Alvarez	Loureiro	et	al.	2015),	other	studies	have	shown	increased	risk	when	
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• Reduce	 the	 frequency	 and	amount	 of	 consumption	 of	 acidic	drinks	 and	 foods,	 and	 especially	discourage	 the	 consumption	 of	 acidic	drinks	at	bedtime.		
• Encourage	 the	 consumption	 of	water	and	nutritious	beverages	such	as	milk,	and	also	the	consumption	of	fresh	fruits,	 when	 part	 of	 a	 healthy	 and	balanced	 diet.	 Recommend	 the	consumption	 of	 a	 neutralizing	 food,	such	 as	 cheese,	 after	 the	 intake	 of	 an	acidic	drink	or	food.		
• Recommend	 that	 acidic	 drinks	not	be	added	to	infant	feeding	bottles.		
• Suggest	 that	 if	 soft	 drinks	 are	consumed,	 they	 should	 preferably	 be	chilled,	 consumed	 in	 one	 sitting,	 and	limited	to	mealtimes.			
• Discourage	 the	 consumption	 of	acidic	 sweets,	 especially	 between	meals.		
• Reduce	 acid	 exposure	 by	reducing	 the	 frequency	 (main	 meals	only),	 and	 contact	 time	 of	 acids.	 Do	not	 hold	 or	 swish	 drinks	 in	 your	mouth.		
• Finish	meal	with	something	(rich	in	 Ca2+/PO43-)	 ‘neutralising’	 acidic	food	such	as	cheese.	After	acid	intake	stimulate	 saliva	 flow	 with	 chewing	gum.		
• Avoid	 toothbrushing	immediately	after	acid	intake.	Instead,	rinse	 with	 fluoride	 containing	mouthrinse	or	with	water.		
• Apply	fluoride	before	the	erosive	challenge	 Use	 high	 concentrated	topical	fluoride	periodically.	
	
Overall,	 there	is	no	one	clear	consensus	on	preventive	advice.	Some	experts	offer	advice	 targeting	 all	 aspects	 of	 erosive	 wear	 (Bartlett	 2005)	 and	 others	 are	specifically	targeted	at	the	diet	(Lussi,	Jaeggi,	and	Zero	2004;	Auad	and	Moynihan	2007).	 These	 reviews/opinion	 articles	 convey	 similar	 messages	 to	 reduce	frequency	 of	 acid	 consumption,	 limit	 dietary	 acids	 to	 mealtimes/consume	alongside	 a	 neutralising	 food	 and	 to	 use	 fluoride	 oral	 hygiene	 products.	 Advice	regarding	timing	of	brushing	in	relation	to	acid	intake	is	ambiguous.	Although	the	
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underlying	 theory	 is	 sound,	 few	of	 these	 recommendations,	 apart	 from	 reducing	acid	consumption	and	the	daily	use	of	fluoride	products,	are	supported	by	robust	clinical	data.		
1.3.2.2 Diet	advice	and	behaviour	change	When	dietary	advice	is	provided,	it	may	not	be	effective	at	inducing	a	behaviour	change	(Ashenden	et	al.	1997).	One	longitudinal	study	investigating	tooth	wear	progression	over	6	years	observed	that	dietary	behaviour	had	not	changed	despite	being	provided	with	“extensive	dietary	counselling”	(Lussi	and	Schaffner	2000).	A	Cochrane	review	investigating	dietary	advice	provision	in	dental	practice	suggested	there	is	evidence,	albeit	limited,	that	one-to-one	dietary	advice	interventions	can	change	behaviour	(Harris	et	al.	2012).	The	authors	reported	a	positive	association	between	diet	advice	and	behaviour	change.	The	evidence	was	classified	as	weak,	due	to	the	lack	of	well-designed	reported	studies.	The	authors	also	noted	that	no	studies	meeting	the	inclusion	criteria	investigated	dietary	erosive	wear.		
Harris	 et	 al	 described	 three	 different	 types	 of	 dietary	 advice	 in	 the	 literature	(Harris	et	al.	2012).		
1. Health	education:	educating	patients	to	change	their	knowledge.	
2. Health	advice:	giving	health	advice	and	supporting	lifestyle	change.	
























Figure	7:	Simplified	versions	of	commonly	used	indices	for	comparability		 Eccles	index	1979	 Smith	and	Knight	Tooth	Wear	Index	(TWI)	1984	 Lussi	Index	1996	 Basic	Erosive	Wear	Examination	(BEWE)	2008	0	 	 No	loss	of	enamel	surface	characteristics	or	contour	 No	erosion,	smooth,	silky-shining	appearance,	absence	of	developmental	ridges	possible	
No	erosive	tooth	wear	













































































1.4.5.1.1 Microhardness	and	nanoindentation	The	 early	 stage	 of	 enamel	 erosion	 is	 the	 initial	 softening	 of	 the	 surface	 and	subsurface	 following	 ion	 dissolution	 and	 mineral	 loss.	 This	 demineralisation	results	in	surface	hardness	change	and	has	been	recorded	in	situ	after	as	little	as	90	 seconds	 of	 acid	 exposure	 (Attin	 et	al.	 2001).	 The	 process	 of	 hardness	 testing	involves	indenting	the	surface	with	a	variable	force	and	loading	time	and	analysing	the	length	of	the	indentation	to	determine	hardness	(Attin	et	al.	1997).	Knoop	and	Vickers	diamonds	are	the	most	common	forms	of	indents	(Field	et	al.	2010).	 	The	Vickers	 diamond	 penetrates	 the	 surface	 to	 a	 greater	 extent	 (Shellis	 et	al.	 2011).	Readings	 have	 been	 shown	 to	 be	 affected	 by	 the	 surrounding	 material	 and	 the	intact	underlying	surface	and	thus	are	not	as	widely	used	in	the	literature	(Shellis	
et	 al.	 2011).	 For	 similar	 reasons,	 smaller	 indents	 made	 by	 nanoindentation	(typically	 200	 nm)	 are	 more	 accurate	 and	 sensitive	 than	 microindentation	(typically	tens	of	µm).	Nanoindentation	is	also	able	to	measure	the	elastic	modulus	of	 the	 surface	 as	 tip	 displacement	 as	 a	 function	 of	 the	 load	 is	 constantly	 being	
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measured.	 This	 has	 been	 shown	 to	 be	 important	 in	 the	 detection	 of	 an	 intact	subsurface	area	(Barbour	and	Rees	2004).	A	smooth,	planar	surface	is	required	for	hardness	 testing	necessitating	destructive	sample	preparation.	This	 is	of	concern	when	measuring	enamel	as	hardness	has	been	observed	to	decrease	with	distance	from	the	enamel	surface	at	a	rate	of	-0.23	KHN	(Knoop	Hardness	Number)	per	µm	(Meredith	et	al.	1996).	It	also	limits	the	ability	to	compare	hardness	change	to	the	original	baseline	as	enamel	layers	underneath	will	be	marginally	softer	regardless	of	 the	 level	 of	 erosion	 (Carvalho	 and	 Lussi	 2015).	 For	 this	 reason	 authors	 have	recommended	 that	 hardness	pre-testing	 should	be	performed	 to	 ensure	 that	 the	hardness	 falls	 within	 a	 certain	 baseline	 hardness	 range	 (Lussi	 et	 al.	 2011).	Meredith	et	al.	reported	hardness	values	for	enamel	to	range	from	272	to	440	KHN	(Meredith	 et	 al.	 1996).	 This	 was	 also	 observed	 by	 Lussi	 et	 al.	 2011	 whereby	applying	a	load	of	100g	resulted	in	ranges	of	280-390	KHN	(Lussi	et	al.	2011).		





1.4.5.1.3 Quantitative	laser	fluorescence	(QLF)	QLF	uses	a	 light	or	 laser	 to	 cause	 fluorescence	within	 the	enamel.	The	change	 in	intensity	 is	 measured	 on	 the	 tooth	 surface	 which	 can	 be	 correlated	 with	demineralisation	 (Nakata	 et	 al.	 2009).	 This	 can	 report	 lesion	 size,	 subsurface	mineral	 loss	and	volume	but	cannot	measure	bulk	tooth	surface	 loss	(Chew	et	al.	2014).	
1.4.5.2 Surface	profilometry	
1.4.5.2.1 Surface	profilometry	overview	Surface	 profilometry	 uses	 differences	 in	 the	 texture	 and	 height	 between	 a	reference	area	and	a	test	area	to	accurately	generate	a	profilometric	measurement	of	erosive	tooth	wear	(Heurich	et	al.	2010;	Paepegaey	et	al.	2013).	The	two	types	of	profilometry	are	contacting,	via	the	use	of	a	stylus	probe	or	non-contacting,	via	the	use	of	a	laser/light.		
All	profilometers	consist	of	a	detector,	determining	where	the	data	points	on	the	sample	 are	 to	 be	 collected	 and	 the	 sample	 stage	 to	 hold	 the	 sample.	Contacting	
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profilometry	physically	moves	a	stylus	(typical	diameter	ranging	2-100	µm)	along	the	 surface	 in	 order	 to	 acquire	 the	 surface	height.	 A	 feedback	 loop	monitors	 the	resistance	 from	 the	 sample	 pushing	 up	 against	 the	 probe	 to	 establish	 a	 surface	profile.	 As	 it	 requires	 physical	 movements	 it	 can	 be	 slower	 than	 optical	profilometry.	The	stylus	tip	can	become	contaminated	by	the	surface	and	damage	to	the	sample	has	also	been	reported.	Non-contacting	surface	profilometry	uses	the	reflectance	of	lasers	to	establish	an	accurate	profile,	directing	the	laser	in	order	to	obtain	a	three	dimensional	reading	of	the	surface.	Non-contacting	laser	scans	can	however	 be	 affected	 by	 environmental	 factors	 such	 as	 vibrations/temperature	within	 the	 laboratory	 and	 the	 angle,	 colour	 and	 transparency	 of	 the	 surface,	(Hewlett	et	al.	1992;	Rodriguez	et	al.	2009).		








The	 number	 of	 readings	 taken	per	 surface	 area	 also	 affects	 the	 accuracy	 of	 data	with	 increasing	 data	 points	 reducing	 the	measurement	 error	 but	 increasing	 the	time	 necessary	 for	 data	 collection	 (Mitchell	 et	al.	 2003;	 Rodriguez	 et	al.	 2012b).	Rodriguez	et	al.	 2012	observed	 that	when	 readings	were	 taken	 every	15	µm,	 50	µm,	75	µm	and	100	µm,	respective	errors	when	measuring	the	same	accurate	slip	gauge	increased	from	2	µm	to	2.6	µm	to	3	µm	to	3.6	µm	respectively	(Rodriguez	et	
al.	2012b).	




work	of	 this	 thesis.	Unpublished	work	by	our	group	(Mistry	2016)	observed	that	although	 there	 were	 no	 statistical	 differences	 between	 profile	 measurements	obtained	from	a	single	reading	and	an	average	of	multiple	readings,	the	standard	deviations	were	much	lower	within	groups	when	multiple	readings	were	obtained.		
If	it	is	feasible	to	scan	the	entire	surface,	a	full	3D	representation	of	the	surface	can	be	produced.	When	this	method	is	employed,	imaging	software	can	also	be	utilised	to	calculate	volume	changes	(Paepegaey	et	al.	2013)	making	it	a	better	reflection	of	the	entire	sample.	Analysing	volume	change	 in	addition	to	profilometric	 loss	also	increases	 the	 information	 available	 to	 the	 researcher.	 However,	 volume	measurements	 will	 be	 affected	 if	 there	 are	 undetected	 cracks	 or	 defects	 in	 the	enamel	 surface	 which	 could	 normally	 be	 avoided	 when	 multiple	 profile	measurements	 are	 being	 analysed.	 Scanning	 the	 entire	 surface	 also	 takes	 more	time.		




1.4.5.2.2 Different	types	of	laser	profilometers	The	accuracy	of	the	laser	profilometer	depends	on	the	spot	size	and	the	resolution	of	the	 laser.	There	are	two	main	types	of	 lasers,	confocal	 lasers	and	triangulation	lasers.	Both	are	used	within	this	thesis	depending	on	the	surface	to	be	measured.	Confocal	lasers	typically	have	a	small	spot	size	(2-10	µm),	high	vertical	resolution	(~1	nm)	and	a	narrow	depth	of	focus.	Confocal	lasers	direct	the	beam	in	a	concise	method	through	a	 lens	that	vibrates	vertically	at	high	speed	through	the	use	of	a	tuning	 fork.	 As	 the	 light	 is	 reflected	 off	 the	 target	 surface	 it	 converges	 before	entering	 the	 light	 receiving	 element.	 The	height	 is	measured	by	determining	 the	exact	 position	 of	 the	 lens	 as	 the	 light	 hits	 the	 receiving	 element.	 These	 precise	measurements	are	ideal	for	capturing	increased	detail	with	a	small	vertical	depth	of	focus.	A	schematic	can	be	observed	in	Figure	11.		
Figure	11:	Schematic	of	confocal	laser	profilometer	
	






1.4.5.2.3 Comparison	of	the	lasers	and	possible	errors	Both	 laser	 profilometers	 have	 inherent	 errors.	 Sharp	 edges	may	 cause	 the	 laser	stylus	 to	overshoot	at	 the	bottom	of	grooves	resulting	 in	artificial	 increased	step	height	 (Whitehead	 et	 al.	 1999).	 This	 is	 particularly	 true	 for	 the	 confocal	 laser	which	has	one	signal	detector.	If	a	sharp	edge	interferes	with	the	light	returning	to	the	 detector	 this	will	 result	 in	 overshooting	 or	 data	 drop-out.	 The	 second	 signal	detector	 in	 the	 triangulation	 laser	 overcomes	 this	 issue	 as	 is	 shown	 in	 the	schematic	in	Figure	12.	The	confocal	 laser	has	increased	resolution	and	accuracy.	However,	 the	disadvantages	are	 the	 reduced	Z	height	within	which	 the	 laser	 can	measure	 and	 the	 increased	 time	 necessary	 for	 scanning.	 Conversely	 the	triangulation	 laser	 allows	 more	 freedom	 with	 variations	 in	 the	 Z	 height	 of	 the	surface	 to	be	measured	with	a	 reduction	 in	 the	 resolution	of	 the	 laser.	A	 further	
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disadvantage	of	the	triangulation	laser	is	that	reflective,	shiny	surfaces	are	difficult	to	 measure	 as	 the	 mechanism	 of	 action	 relies	 on	 scattering	 of	 light.	 If	 the	 light	reflects	directly	back	this	will	cause	error	within	the	data	(Rodriguez	et	al.	2009).	
Although	it	is	important	to	ensure	laboratory	conditions	are	as	similar	as	possible	when	carrying	out	measurements,	due	to	its	increased	accuracy,	the	confocal	laser	will	be	more	susceptible	to	changes	environmental	factors.	This	is	particularly	true	for	changes	in	temperature	which	can	affect	the	degree	of	vibration	of	the	tuning	fork	(Whitehead	et	al.	1999).	
1.4.5.3 Other	quantitative	methods	of	interest	
1.4.5.3.1 Atomic	force	microscopy	(AFM)	Atomic	 force	 microscopy	 is	 a	 high-resolution	 form	 of	 microscopy	 which	 uses	minute	 forces	 to	scan	 the	specimen	surface	 to	give	a	very	detailed	picture	of	 the	surface	 topography.	 It	 can	 quantify	 bulk	 surface	 loss	 in	 addition	 to	 accurately	displaying	the	surface	topography.	AFM	has	a	limited	scan	size	which	can	take	long	periods	 of	 time.	 The	 force	 contact	 can	 also	 result	 in	 damage	 to	 a	 fragile	 surface	(Field	et	al.	2010).	























 SUMMARY	AND	AIM	OF	RESEARCH	Although	 the	 field	 of	 erosive	wear	 is	 being	 continually	 researched,	 there	 are	 no	evidence-based	guidelines	regarding	the	timing	of	dietary	acid	intake,	oral	hygiene	procedures	 and	 erosive	 tooth	 wear.	 There	 is	 ambiguity	 regarding	 the	 optimal	timing	of	fluoride	application	in	relation	to	an	acidic	challenge	in	vitro.	No	clinical	studies	 to	 date	 contrasted	 brushing	 immediately	 after	 a	 meal	 and	 brushing	immediately	 after	 consuming	 a	 dietary	 acid.	 	 There	 are	 also	 no	 clinical	 studies	contrasting	 the	 relative	 risk	of	 consuming	dietary	acids	with	meals	 and	between	meals.		
Furthermore,	 following	 identification	 of	 risk	 factors,	 it	 is	 unknown	 if	 providing	advice	will	 reduce	 the	 rate	 of	 erosive	 tooth	wear	 progression.	No	 interventional	studies	 have	 been	 performed	 investigating	 if	 dietary	 advice,	 delivered	 within	 a	dental	setting,	can	be	effective	at	delaying	tooth	wear	progression.		
The	 overall	 aim	 of	 this	 research	 was	 to	 investigate	 the	 role	 of	 timing	 of	 oral	hygiene	procedures	and	dietary	acid	intake	in	erosive	tooth	wear	progression.	
This	investigation	occurred	in	four	parts.	

















































The	step	height	was	calculated	by	measuring	 the	depth	of	 the	erosive	wear	 from	the	 reference	area	 to	 the	midpoint	of	 the	 trough.	Ten	measurements	were	made	per	sample	and	the	average	of	these	readings	calculated	to	establish	the	mean	step	height	in	microns	(μm).	
Surface	microhardness	was	measured	using	a	Knoop	hardness	tester	(Duramin	2,	Struers,	Germany)	using	methods	previously	employed	within	our	group.	For	each	sample,	 three	 indentations	 (10	 s	 dwell	 time	with	 981.2	mN	 loading)	were	made	100	μm	apart	in	both	the	eroded	area	and	the	reference	area.	The	mean	of	each	of	these	were	 calculated	 and	 subtracted	 from	each	other	 to	 calculate	 the	 change	 in	microhardness	in	Knoop	Hardness	Number	(KHN).		
2.4.5 STATISTICS		Statistical	 analysis	 was	 performed	 on	 IBM	 SPSS	 Statistics	 22	 (IBM	 Corporation,	Armonk,	New	York).	Data	were	assessed	 for	normality	using	normality	plots	and	Shapiro-Wilks	tests.	As	the	data	were	normally	distributed,	a	three-way	analysis	of	variance	 (ANOVA)	was	used	 to	 assess	 for	 group	differences.	 Following	 this,	 post	
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2.5.2 MICROHARDNESS	RESULTS	For	group	1	(one	cycle)	the	mean	microhardness	changes	with	standard	deviations	for	 stannous	 fluoride	 before	 and	 after	 erosion	were	 152.8	 KHN	 (22.9)	 and	 93.9	KHN	(34.7)	respectively,	and	for	sodium	fluoride	they	were	133.3	KHN	(27.6)	and	102.1	KHN	(21.1).	Application	of	the	fluoride	before	the	erosive	challenge	resulted	in	 a	 significantly	 increased	 microhardness	 change	 for	 both	 stannous	 fluoride	(p=0.011)	 and	 sodium	 fluoride	 (p=0.035).	 However,	 there	 was	 no	 statistical	difference	between	 the	 fluorides.	Overall,	 the	microhardness	 change	was	greater	for	one	cycle	of	erosion	than	for	five	cycles	of	erosion.	For	group	2	(five	cycles)	the	mean	microhardness	changes	(SD)	for	stannous	fluoride	before	and	after	erosion	were	 78.3	 KHN	 (16.6)	 and	 102.1	 KHN	 (12.6)	 respectively.	 The	 mean	microhardness	changes	 for	sodium	fluoride	were	81.4	KHN	(28.6)	and	88.9	KHN	(40.4).	 Application	 of	 stannous	 fluoride	 after	 the	 erosive	 challenge	 resulted	 in	significantly	increased	microhardness	change	when	compared	to	stannous	fluoride	
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 OBJECTIVES	1. To	calibrate	the	investigator	to	a	gold	standard	examiner	in	the	Basic	Erosive	Wear	Examination	(BEWE),	assessing	inter-	and	intra-examiner	correlations.	2. To	develop	a	questionnaire	assessing	dietary	acid	intake.	3. To	assess	the	questionnaire	using	content	validity,	discriminatory	validity	and	test-retest	reliability.		
Based	upon	a	review	of	the	literature,	the	objective	of	the	questionnaire	was	to	record	the	following	information:		



















































 STATISTICS		All	 analyses	 were	 performed	 using	 IBM	 SPSS	 Statistics	 22	 (IBM	 Corporation,	Armonk,	New	York)	apart	from	weighted	kappa	analysis	which	was	performed	in	Stata	vers.	14	(Statacorp,	College	Station,	TX:	Statacorp	LP.)		
For	discriminant	validity,	data	were	assessed	for	normality	using	normality	plots	and	Shapiro-Wilks	tests.	As	the	data	were	not	normally	distributed,	Mann	Whitney	U-tests	were	used	to	assess	for	differences	between	the	two	groups.		








































































































































































































































































































































































































































































































































































































































































































































































 CONCLUSION	Erosive	 tooth	wear	was	 observed	 to	 be	 statistically	 significantly	 associated	with	the	 frequency	of	dietary	acid	 intake	and	duration	of	dietary	acid	consumption	 in	this	study.	Therefore	the	first	two	null	hypotheses	were	rejected.	The	predominant	
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 NULL	HYPOTHESIS		 1. A	behaviour	change	intervention	will	not	change	dietary	acid	intake	compared	to	standard	of	care	dietary	advice.	2. A	behaviour	change	intervention	will	not	impact	tooth	brushing	behaviours	compared	to	standard	of	care	dietary	advice.		3. A	behaviour	change	intervention	will	not	change	the	progression	of	erosive	tooth	wear.	
	
 MATERIALS	AND	METHODS	This	study	was	a	double	blind,	randomised,	controlled,	parallel	group,	clinical	trial.	The	study	protocol	was	approved	by	Nottingham	National	Health	Research	Authority	East	Midlands	and	all	participants	provided	informed	written	consent	(Reference	14/EM/1171).	This	study	adheres	to	the	Consolidated	Standards	of	Reporting	Trials	(CONSORT)	guidelines	(Schulz	et	al.	2010)	and	was	registered	under	clinicaltrials.gov.uk	(registration	ID:	NCT02493803).	Partial	funding	was	received	by	Proctor	and	Gamble	in	the	form	of	a	PhD	studentship.	
 DEVELOPMENT	OF	THE	DIETARY	ADVICE	INTERVENTION	For	the	intervention	group,	an	If-then	plan	was	developed	with	dental	psychologist	Professor	 Timothy	 Newton	 using	 the	 COM-B	 model	 (Capability,	 Opportunity,	Motivation	 –	 Behaviour	 change	 (Asimakopoulou	 and	 Newton	 2015)).	 This	 plan	aimed	 to	 provide	 knowledge	 (targeting	 capability)	 and	 link	 this	 with	 specific	
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environmental	 contexts	 (targeting	 opportunity).	 A	 prompt-sheet	 with	 a	 list	 of	dietary	acids	and	healthy	substitutions	with	low	erosive	potential	was	formulated	alongside	 senior	 dietician	 Dr	 Jane	 Thomas	 (Appendix	 8.6).	 For	 each	 behaviour	requiring	 change,	 participants	 would	 be	 asked	 to	 identify	 and	 write	 down	 the	behaviour	they	wished	to	change	and	the	substitution/abstention	they	were	going	to	 make.	 Participants	 would	 then	 be	 prompted	 to	 identify	 obstacles	 that	 would	prevent	 them	 from	 making	 their	 chosen	 substitution/abstention	 (e.g.	 partner	drinks	the	acidic	drink	as	well	or	the	participant	has	a	habit	of	buying	acidic	fruit).	Participants	would	then	be	prompted	to	consider	how	they	might	overcome	these	obstacles	 (e.g.	 is	 there	 anything	 else	 that	 the	 partner	 and	 participant	 could	consume	 together?	 Is	 there	 another	 snack	 that	 could	 replace	 the	 acidic	 fruit	between	meals?).	Finally,	participants	would	then	be	asked	to	consider	and	write	down	 items	that	would	help	 them	to	make	the	change	(e.g.	asking	 the	partner	 to	help	 them	 make	 the	 change,	 buying	 different	 types	 of	 drinks/snacks	 that	 were	equally	appealing).	Participants	would	 then	be	encouraged	 to	place	 the	plan	 in	a	place	that	would	be	visible	daily	at	work	or	at	home	(Appendix	8.7).	
The	intervention	was	designed	to	target	two	behaviours:	the	frequency	of	dietary	acid	 consumption	 between	 meals	 and	 brushing	 teeth	 within	 10	 minutes	 of	consuming	 a	 dietary	 acid.	 Researcher	 scripts	 and	 guidelines	were	 formulated	 to	ensure	 dietary	 interventions	 were	 standardised	 and	 are	 presented	 in	 Appendix	8.8.		






















































































































	 Mean	 SD	 Mean	 SD	 0.769	











































	 Control	Group	 Intervention	Group	 		 Median	 IQR	 Median	 IQR	 p	value	
Total	daily	acid	intake	T0	
Total	daily	acid	intake	T1	 4	2.5	 (2,	5.8)	(1,	4)	 4	1	 (2,	5)	(0.5,	2)	 	
Median	change	between	T0	and	T1		 1	 (0,	2.8)	 2	 (1,	3.5)	 0.074	
Acid	intake	between	meals	T0	
Acid	intake	between	meals	T1	 3	1	 (2,	4)	(1,	3)	 3	1	 (2,	4)	(0,	1)	 	






















	 Median	 IQR	 Median	 IQR	
Volume	change	(mm3)	 0.01	 (0,	0.02)	 0.005	 (-0.09,	0.03)	
Profilometric	change	(µm)	 0	 (-0.1,	0.3)	 0.2	 (-0.4,	1.8)	
Profilometric	loss	(µm)	 2	 (1,	3.5)	 11	 (9,	18)	



















	 Median	 IQR	 Median	 IQR	 Median	 IQR	 	
Volume	change	(mm3)	 0.005	 (-0.03,	0.18)	 0.025	 (-0.14,	0.06)	 -0.02	 (-0.12,	0.03)	 0.727	
Total	profilometric	change	(µm)	 0.1	 (0.0,	0.3)	 2.6	 (0.1,	3.3)	 -0.8	 (-3.8,	1.2)	 <0.001	
Profilometric	loss	(µm)	 9	 (8,	12)	 9	 (8,	11)	 22.5	 (18,	28)	 <0.001	





	 Volume	change	 Profilometric	change	 Profilometric	loss	 Maximum	point	loss	
Volume	change	 1	 -.67**	 .08	 .14*	
Profilometric	change	 -.67**	 1	 -.16**	 -.12*	
Profilometric	loss		 .08	 -.16**	 1	 .62**	















	 Control	Group	 Intervention	Group	 	
	 Median	 IQR	 Median	 IQR	 p	value	
Patient	Level	Analysis	 -0.09	 (-0.14,	0.05)	 -0.02	 (-0.08,	0.09)	 0.078	
Combined	Surface	Level	Analysis		 -0.06	 (-0.24,	0.11)	 0.00	 (-0.18,	0.18)	 0.045*	
Buccal	Surfaces	of	Central	Incisors	 -0.11		 (-0.29,	0.02)	 -0.04		 (-0.18,	0.15)	 0.041*	
Palatal	Surfaces	of	Central	Incisors	 -0.08	 (-0.22,	-0.06)	 -0.06	 (-0.26,	0.18)	 0.690	













	 Control	Group	 Intervention	Group	 	
	 Median	 IQR	 Median	 IQR	 p	value	
Patient	Level	Analysis	 1.3	 (0.3,	2.6)	 0.3	 (-0.8,	2.0)	 0.076	
Combined	Surface	Level	Analysis		 0.5	 (0,	1.1)	 0.5	 (0.1,	1.1)	 0.245	
Buccal	Surfaces	of	Central	Incisors	 1.1		 (-0.3,	5.4)	 0.8		 (-2.7,	4.2)	 0.096	
Palatal	Surfaces	of	Central	Incisors	 0.5	 (-1.5,	3.6)	 2.3	 (0,	5.1)	 0.061	












	 Control	Group	 Intervention	Group	 	
	 Median	 IQR	 Median	 IQR	 p	value	
Patient	Level	Analysis	 18		 (13,22)	 17		 (14,21)	 0.560	
Combined	Surface	Level	Analysis		 14		 (10,23)	 15		 (10,21)	 0.975	
Buccal	Surfaces	of	Central	Incisors	 11		 (8,17)	 12		 (9,18)	 0.286	
Palatal	Surfaces	of	Central	Incisors	 15	 (10,22)	 16	 (10,20)	 0.960	












	 Control	Group	 Intervention	Group	 	
	 Median	 IQR	 Median	 IQR	 p	value	
Patient	Level	Analysis	 137	 (108,171)	 149	 (98,172)	 0.911	
Combined	Surface	Level	Analysis		 106	 (72,182)	 110	 (64,162)	 0.668	
Buccal	Surfaces	of	Central	Incisors	 76		 (50,99)	 60		 (41,	94)	 0.244	
Palatal	Surfaces	of	Central	Incisors	 110	 (86,168)	 117	 (90,151)	 0.164	














































































































































































































































































































































































































































































Erosion	Patient	 Control	n	 %	 n	 %	











































Erosion	Patient	 Control	n	 %	 n	 %	












































Inclusion	Criteria		1. Severe	tooth	wear	with	a	BEWE	score	of	3	on	the	occlusal	surface	of	 the	 first	lower	molars	or	incisal/buccal	surface	of	the	upper	central	incisor.		2. This	wear	will	be	as	a	result	of	a	high	acid	diet	i.e.	as	at	least	two	dietary	acidic	challenges	a	day.	3. Adult	25-70	years	old.		4. Minimum	of	at	least	10	occluding	tooth	pairs	(i.e.	at	least	10	upper	teeth	which	bite	against	10	lower	teeth)	–	including	the	opposing	upper	molars	and	lower	incisors	5. No	anterior	crowns/	bridges	or	implants	opposing	the	lower	molars	or	upper	incisors	6. Written	consent	to	the	study		

















Swap	this	 For	this	 Helpful	tips	Fizzy	flavoured	drinks	 Water,	Sparkling	water,	Milk*,	Tea,	Coffee	 • If	you	do	have	them,	have	them	as	infrequently	as	possible	and	over	a	short	time	period.	
• Try	not	to	sip,	swish	or	hold	the	drinks	in	your	mouth.		Juices,	cordials		 Water,	Milk*,	Tea,	Coffee	 • If	you	are	going	to	have	juices	try	and	drink	them	only	with	meals.	










































If	suggests	“Have	nothing”	prompt:	How	easy	would	that	be	–	do	you	think	you	might	find	yourself	getting	hungrier	later	on?	What	would	you	do	then?	-	Prompt	for	not	snacking	again,	suggest	eat	more	at	previous	meal	to	sustain	hunger.)																								↓	 																							↓	 																							↓	Then	we	say	what	you	will	do	instead	(Note	substitution	or	removal)	 Then	we	say	what	you	will	do	instead	(Note	substitution	or	removal)	 We	have	found	that	a	useful	way	to	remember	this	is	to	make	a	note	on	this	sheet.	We	complete	it	like	this	(Note	target	on	prompt	sheet)																								↓	 																							↓	 																							↓	And	then	list	all	the	things	that	will	help	you	to	make	that	change	(Note	supports	already	mentioned)		Can	you	think	of	anything	else	that	will	help	you	make	this	change	(Prompt	for	–	tell	friends	and	family	so	they	don’t	offer	you	snacks,	reward	self	for	change,	put	stickers	on	fridge	/	other	places).	
And	then	list	all	the	things	that	will	help	you	to	make	that	change	(Note	supports	already	mentioned)		Can	you	think	of	anything	else	that	will	help	you	make	this	change	(Prompt	for	–	tell	friends	and	family	so	they	don’t	offer	you	snacks,	reward	self	for	change,	put	stickers	on	fridge	/	other	places).	
Then	we	say	what	you	will	do	instead	(Note	substitution	or	removal)	













Volume	Change	 1	 -.702**	 -0.058	 -.260**	
Profilometric	Change	 -.702**	 1	 -0.032	 .211*	
Profilometric	Loss		 -0.058	 -0.032	 1	 .487**	










Volume	Change	 1	 -.500**	 0.012	 0.176	
Profilometric	Change	 -.500**	 1	 -0.138	 -0.116	
Profilometric	Loss		 0.012	 -0.138	 1	 .629**	










Volume	Change	 1	 -.725**	 0.076	 .306**	
Profilometric	Change	 -.725**	 1	 -0.069	 -0.113	
Profilometric	Loss		 0.076	 -0.069	 1	 .473**	
Maximum	Point	Loss		 .306**	 -0.113	 .473**	 1	**	Correlation	is	significant	at	the	0.01	level	(2-tailed).	*	Correlation	is	significant	at	the	0.05	level	(2-tailed).		 	
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